TaE CoxTacr BETWEEN THE GRANITIC ROCKS AND TuE CARDUP SERIES
AT ARMADALE, 27

3—THE CONTACT BETWEEN THE GRANITIC ROCKS
AND THY CARDUP SERTES AT ARMADALE.

By Rex T. Priper, Ph.D., B.Se, F.G.S.

Read 13th August, 1940; Published 28th November, 1941,

CONTENTS. Page

I. Introduetion .- .. - .. .. .. .. . 27
II. Geology .. .. .. .. .. .. .. .. .. 29
(1) The field distribution and age relations of the roeks 29

(2) The geologicul structure .. .. . . .. 31

1T, Petrology - . . - o - .. .. 34
(A) The older hybrid gneisses and the associated xenoliths 34

(B} The younger granite (aplogranite) .. .. .. a7

(C) The fine handed granitic gneisses .. .. .. .. 37

(D) The Cardup Series .. - .. . . . 38

(i) The sandstones .. . .. .. .. 38

(i1) The slates .. .. . .. .. .. 38

(iii) Contact metamorphism of the sediments .. 40

(E) The basic intrnsive rocks of post Cardup age .. .. 43

(F) The quartz veins .. . . .. .. .. 48

IV. Conclusions .. .. .. .. .. . .. .. 51
(a) The age of the Cardup Series .. .. L. . 51

(b) The Darling ‘‘Fault’ Searp .. .. .. .. 52

(¢) Geological history of the Area .. .. . - 52

V. Acknowledgments .. .. .. - .. . .. 53
VI. List of References . . . .. .. .. .. 53

i

I—INTRODUCTION.

The Darling Searp (Jutson, 1934, p. 84) is a prominent physiographie
feature of the country neav Perth. Tt forms the western edge of the Western
Australian Pre-Cambrian platean, which stands about 1,000 feet above sea
level, and wlich is made up mainly of granitic rocks with later doleritic
intrusions. West from thiz searp and extending to the coast is a compara-
tively flat coastal plain underlain hy Cuinozoie and Recent sediments and
boardered along the coast by Reecent zand dunes (Clarke, 1926).

On the western face of the scarp a series of steeply dipping slaty
cediments which form a narrow band between the granitic vocks and the
vounger horizontal sediments of the coastal plain is developed in a number
of places extending from Gosnells and Kelmseotf in the north to at least
as far south as Mundijong (Homman, 1912 and lsson, 1927). These slaty
sediments have been referred to as the Cardup Series (Clarke, 1930, tahle,
p. 187) and they ave considered by hoth Clarvke (loe. eit.) and Forman (1937,
P. xxiv.-xxv.) to be contemporancons with the Jimperding Series of Yilgarn
(early Pre-Cambrian) age and therefore older than the granites and grantlic
oneisses of the Daling Range.  Forman (1937, p. xxiv.) says that the
structures in the Cardup Series hetween Kelmseott and Mundijong conform
to the local struetnres in the adjoining eneisses and suggests that the emeisses
are, in part, of the same age as the Cardup Series and owe their origin to
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the alteration of these sedimentary rocks by a granitic magma, either the
same or an earlier magma fo that which provided the massive granites of
the Darling Range.
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Geologienl sketeh map of the country between Upper Swan and Mundijong
and extendiug to the coast, showing loealifics nentioned in the text.

The present investigation was undertaken to determine if possible,
whether this “granitisation” of the Cardup Series lhas actnally taken plaee
and to detevmine the relative age of the granitic gneisses and the slaty sedi-
ments of the Cardup Series. T am indebted to Mr. H. A. Ellis, Assistant
Government Geologist of Western Aunstralia, for suggesting that the possi-
bility of gramitisation of the Cardnp sediments should be investigated.

The arca examined in detail is situated on the Darling Scarp just south
of the Narrogin Inn at Armadale, some 19 miles south-east from Perth
(fig. 1). Tt measures only about 4 mile x % mile, but outerops are fairly
abundant; fresh examples of both the sedimentary and granitie rocks arve
obtainable in the two quarries; and most of the rock types that have been
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noted elsewhere in the vicinity of the Darling Scarp are developed. This
small area is therefore perhaps the most suitable place to commence a de-
tailed study ot the petrology and structure of the Searp.

1I. GEOLOGY.
(1) The field distribution and age relutions of the rocks.

The eastern halt’ of the avea (Plate 1) is oceupied by granitie gneisses
i whieh there appear to be two distinet groups:

(i) The line banded granitic gneisses torming the western edge of the
gramtic roeks.,  These form a band approximately 8 chains wide which
trends 350° parallel to the contact of the granitie rocks and the Cardop sedi-
ments. The folintion in these gneisses strikes pavallel to the gueiss-sediment
contaet and dips at 50° to 607 towards the east. These gneisses appear to
be uniform and granitie in character thronghout the whele band and no-
where were they found to carry xenolithic inclusions as do the hybrid
gneisses tarther to the east.  Coutortion of the gncissic bauding is visible
in places and in other places the banding may be almost invisible, the rocks
there bheing mdistinguishable from massive granites,

(ii) The hybrid gneisses which oceupy all the area to the cast of (i).
These gneisses have a general strike of 25° and dip at angles of 40° to 60°
to the east. They are best exposed in the Roads Board quarvy in the north-
eastern eornecr of the arvea,

The rocks in this quarry and their field velations will be described in
some detail as it 18 elear here that there have heen two distinet periods of
granite intrusion, the evidence for which periods of granite intrusion in the
Pre-Cambrian history of Western Australia has been accumulating during
reeent years (Miles, 1938, p. 36; Prider, 1938, p. 101, and 1939, p. 93;
Elhs, 1939, p. 91),

The roeks developed and their field relations as seen in this quarry arve:—

(a) Dark eoloured biotite-epidote-hornblende hornfelses.  These rocks
are well developed on the sonthern wall of the quarry where they appear
to form a flat lying band in a more granitie gneiss (b) which is erowded
with xenoliths of this dark green hornfels. On the westorn wall of the
quarry, just inside the entrance the biotite-epidote-hornblende hornfels
acenrs as nnmerous xenoliths up to 12 inehes diameter accompanied by
xenoliths of eoarsely grannlar quartz (? quavtzite) in a hybridised gneiss
(b) (plate 2, fig. 1), This dark eoloured hornfels (together with the quartz
xenoliths) is clearly the oldest rvock exposed i the quarry.

(b) Mesoeratie hybrid augen gneisses.  These form the base in which
the xenoliths (deseribed above) oceur. They arve well banded ecoarselv granu-
lar roeks, often exhibiting augen structures and are composed of quartz
and felspar with thin lenticular dark coloured bands, which under tlhe micro-
seope are seen to be remuants of  the biofite-epidote-hornblende hoynfels
and they appear to have rvesulted from the intrusion of granitic matervial
into the hiotite-epidote-hornblende voeks (see under petrology)—this vock
thus represents the first period of granite intrusion (or granitisation). The
best exposnres of this voek are to be seen ou both faces of the quarry just
mside the entrance,

(e) Aplogranite. This vock, a lencoeratic medium grained massive to
very slightly gueissie granite with little or no ferro-magnesian constituents
(with the exeeption of oecasional Dbiotite-epidote-hornblends clots picked up
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from the older roeks) 1s exposed over the greater part of the north-west
and south-west walls of the quarry. It is elearly intrusive mto the hybrid
gneiss (b above) which, in places, oceurs m the form of lavee irregularly
orviented angular blocks suspended in the aplogranite whieh truncates the
banding of the gmeiss. fhe aplogranite is therefore definitely a later in-
trusion and rvepreseuts the seeond period of granite intrnsion.

(d) Dolente. A post-aplogranite dolerite dyke 1s present near the
north-eastein edge of the main quarry and is younger than all the above
mentioned rocks which it cuts mdiseriminately.

The exposures in this Roads Board quarry therefore give us consider-
able formation regarding the age relations within the eastern group of
gneisses of the Armadale arca. The sequence 1s:—

Younger. (4) Dolerite dyvkes.
(3) Massive aplogranites.
(2) Iybrid augen gneisses.

Older. (1) Biotite-epidote-hornblende hornfelses and quartz xeno-
liths i the hybrid gneiss.

The field relations of the easteyn group of gneisses to the western group
are unknown. The castern group shows the highest degree of hyhiidisation in
the north-eastern part of the area but continue to be hybridised to some
extent even at the south-eastern corner.

A munber of well defined quartz veins whieh all have the sanie strike
of approximately 3057 and dips of S5° to 90° to the north-east are seen to
cut through both the hybrid gneisses and the fine banded granitie gneisses.
Two of these quartz veins (one of them some three or four feet wide) were
traced right to the contaet of the gneiss and the Cardnp sediments but care-
ful search shows that they do not extend beyond the eontact and they appear
to be of pre-Cardup age, probably representing an ubtra-acid differentiate
from the aplogranite magma. If this be the case the position of the Carvdup
Series i the Pre-Cambrian suecession b= fixed as vounger than the granite
but older than the quartz dolerite intrusions, which are eonsidered by all
observers to have taken place during late Pre-Cambrian times and which
represent the youngest roeks in the Western Australian Pre-Cambrian shield.
(Clarke, 1930 Forman, 1937.)

Quartz veins striking ahnost due north also ocenr but are not so well
developed ag those which strike north-west.  The main mewber of the north
striking eroup forms a prominent quartz blow on the north side of the
Bedfordale Road near the sonthern boundary of the area (Plate 1). The
“blow” is lenticular and appears to be smrounded by granitic gneiss.  There
arc <ome small mineworkings on this blow in the form of a shallow ineline
shaft and an adit—observations made on the white quartz from the surface
and the softer more micaceous rock helow ave desceribed in the section on
petrology.  The surtace quartz in places shows the presence of irregular
strings ot fine grained dark eoloured rock, not unlike slate in appearance.
Extenduig north from this gquartz blow along the sume strike there is a band
where no outerops are {o be found but where oecasional small boulders of
the dark coloured fine grained slaty roeck are noticeable. There is no doubt
that this band of slatyv rock extends north to at least as far as the centre
of the mapped avea (Plate 1). Further consideration of the origin of this:
rock is given in the petrology seetion of this paper.
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The western strip of the area is occupied by the sedimentary rocks of
the Cardup Series. These rocks stvike parallel to the granite guelss-
sediment contaet and dip (on {he average) 60° to the west. Traversing tlus
serics in a westerly divection from the contact the suecession is quarizite
(with fine clierty bands), sandy slate, fine white slate, dark greyish to black
carbonaceous slate, and fine white slate (these rocks are referred to as slates
but they are little more than shales with a very poorly developed fractwre
deavage). A few examples of graded bedding were noted i the section
exposed along the Bedfordale Road at the sonth end of the area and readings
taken here indicate that the older beds lic to the east, i.e., that the sequence
15 normal and not overturned. The aetual contact with the granttic gneisses
is only visible in one place (on the road at the south end of the area) but
it ean be tixed within several yards over the remainder of the area and the
snecession of beds iy everywhere the same, The Carvdup sediments arve hest
exposed in the guarry at the south-western corner of the avea (where the
slates have been guarried for brickmaking) and are seen to be slightly drag-
folded and traversed by numerous minor faults with displacements of several
inches. The nature of this minor faulting and drag-folding will be more
fully deservibed in the following section dealing with the strneture of the
area.

The Cardup Series is cut by a number of doleritic dykes which may be
traced trom the granitic rocks into the neighbouring sedinents. From the
geological plan of the area (Plate 1) it will be seen that the dolerite dykes
appear (o have been intrnded along a definite set of fractures which extend
from the granitic roeks into the sediments. In one place (on the west wall
of the slate quarry) greenstone has been intrnded in the form of a sill
the sediments and has produced slight contaet alteration of the slaty vocks.
No such contaet effects were noficed along the gneiss-sediment contact.

From the field oceurrence thie chronological ovder of the rocks exposed

in the arvea mapped appears to he:—
Youngest. (8) Minute bavite veinlets in the dolerite oun the cast face
of the slate quarry.
(7) Dolerite dykes.
(6} Eprdiorite sill i Cardup slates.
5) Cardup sediments (quartzites, sandy slate, white
slates, hliek carbonaceous slates, white slates).
(4) Quartz veins in gneisses,
(3) Aplogranite intrusions. ? Fine bhanded  granitic
enelsses, exact relation to
(2) Hybrid augen gneisses. S (2) and (3) unknow,
Oldest. (1) Biotite-epidote-hormblende hornfels and  quartz (7
guartzite) xewoliths in the hybrid augen gneisses.
(2) The Geological Struncture.

Mapping of all of the available minor struetures of the exposed rocks
has yielded a considerable amount of information regarding the structure of
the area (and of the Darling Scarp generally). The hybridised gneisses
of the eastern section show minor folding in a number of places but no con-
staney in the orientation of these structures could he found, as will he
readily mnderstood after an examination of the exposures m the Roads
Board quarry, where the gueisses are seen to be in xenolithie blocks, irregn-
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larly oriented, in the iutrusive aplogranmite. No attempts have therefore been
made Lo mnterpret the mmmor drag-folded structures seen in these rocks.

The drag-folds m the fine banded granitic gneisses arve move constant
m character and indicate that the easterlty dipping rocks of this band form
the ecustern himb of a normal anticline with u piteh to the south varying
from 0° 1o 30° Al outerops in this band were earvefully examined for
these drag-folded strnctures und wherever visible they invariably indicated
that this band forned the east hub of o normal anticline.
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Figure 2.
Geological plan and section of the slate quarry, Armadale.
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Minor structures (other than the graded bedding seen in several places
on the Bedfordale Rouad) observed in the Cardup sediments were visible
only in the slate quarry as other exposures are rathier poorly developed.
A detailed survey of the quarry was made For dragfolding, minor faulting
and fractnre c¢leavage and the vesnlts ave shown in fignre 2 (plan and see-
tion of the slate gnarry). The drag-tolds indicate that the beds to the west
have moved up and over the beds to the enst, ie., that the slates o this
quarry form the western limb of a normal antieline. A elose examination
across the black earbonaceous slate band at the south end shows (hat the
dragfolds ave direeted in the same direetion vight thronghont the band thus
preciuding (e possibility of isoclinal folding in these voeks, Al ol the
dragfolds observed piteh to tlie south at 10° to 15°. The bedding planes
of the dragtolded slates show a distinet set of slickensides (1Tarniseh) which
strike H. to W. nomnal to the axes of the draglolds. Tests made of the
roughness of the bedding surtace in this direction indicate that the beds to
the west have moved up and over the heds to the east.

The fractimre eleavage is rather poorlty developed in these rocks but
where present is constant i strike (pavallel to the bedding) and dip (almost
vertical) throughout the quayvry. In the northern wall of the gqnarry theve
are a number of small fanlts developed which are generally pavallel to the
fracture cleavage and along which movements up to 6 inches have been
observed.  All of these small faults (which are eilher vertical or dip very
steeply to the west) are of reversed charaeter and mudicate npthrusting from
the west (as deduced trom the curvature, dite to dragging, of the bedding
planes in the vicinity of the faults).

It will be seen that all of these minov struetures arve closely related and
almost certainly developed by the same movement, viz., a movement eansing
the western beds {0 be moved up and over the beds to the cast. There are
therefore two possible interprelalions possible for these minor strncetures:

(1) That these beds form the western Limb of an anticline whieli pitelies
flatly to the south
or
(1) That there has been upthnvusting from the west, the sediments hav-
ing heen upthrust over the granitie gneisses tying to the cast.

Considering the structural features of the Cardup sediments in con-
juntetion with the struetnves in the band of fine grained granitie gneisses
adjoining them to the cast we see thal they appear to be o some extent
complementary, the encisses torming the east limb of an anlicline, the sedi-
ments forming the west b of the same anticline.  Porman (1937, p. xxiv.)
considers that the eucisses may represent portions of the Cardnp sediments
which have suffered granitisation and it has been suggested to me (o dis-
cussions with My, TE. A. Elis) that in the Avmadale Avea the gueizses and
sediments forn part of a single stritetnral it (an antichinal fold) which
at the time of folding consisted entively of sedimentary rocks of the Carvdop
Sertes, bhul which has sinee suffered partial granitisation, all of the rocks
lving to the east of the axial plane of this anticline having heen granitised
and those to the west renaining unaflected by the granitising solutions which
came from the cast.  Detailed ficld mapping, especially in connection with
the field relations of the quarty veing, appears to indieafe that the gneisses
antedate the sediments, whereas the granitisation theory snggested by
Forman (loe. cit.) requires that the Cardup sediments shonld be older than
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the granitic gneisses. The petrological evidence regarding the relative age
of the gneisses and sediments aund the possibility of granitisation of the
Cardnp sediments is discussed in the next seetion of this paper.

IIT. PETROLOGY.
(A) The older hybrid gneisses and the associated xenoliths.

These 1rocks are best exposed in the Roads Board quarry and most of
the matertal deseribed below came {rom this loeality. Sinee the material
forming the xenoliths has lavgely eontrolled the character of the hybridised
granific gneiss it will be deseribed firvst,

Amongst  the xenoliths three distinet types of material can be seen,
thus:— .

(1} Quartz wenoliths.

These are fragments up to four or five inches in  diameter, mostly
smaller, The quartz is elear and coarsely crystalline and under the
microscope 15 seen to he an  atlotriomorphic mosaie of irregular shaped
grains with cerennlate boundaries.  No  signs of  original clastie strue-
ture are visible and the large grains show only very shght strain shadows.
Minute gas-liquid inelisions are very abundant.  This material may have
orviginated either trom a quartzite or from quartz veins. 1t has contributed
a considerable amount of what would al first sight appear to be primary
(magmatic) quariz of’ the gneiss, for the size of the xenolithie cnaitz bodies
varies down {o the ovder of 5 wm. diameter.

(i1) Ipidote-muscorite cenoliths.

These xenoliths occur in fragments up to four inches diameter. The
rock 15 massive, very fine gramed and eonsists of a fine mesh of smalt mus-
covite flakes with idioblastiec tablets of highty bivefringent epidote nniformty
and abundantly dispersed thronghont.  The epidote is present to the extent
of akout 30 per cent, of the roek.  In places remnants of nntwinned (?2)
plagioclase (with the relvingenee approximately the same as that of canada
balsam) erowded with serteitie imelnsions ave present. This roek appears to
have résulted trom the alteration of a basie plagioclage roek which must have
been closely associated with the roeks from which the next group of xenohiths
were derived.

(11t) Horublende-cpidote-biotite hornfels renoliths.

Nenoliths of {his type, which are dark greeuizh to black in eolour, are
the most abmdant tvpe and have exerted considerable eontrol on the c¢har-
acter of the hybrid gneiss, having contributed most of the ferrvomagnesian
content of that rock. Rocks of this tvpe appear to be vather constant in
character wherever noted and ave best developed in the Roads Board quarry.
They are fine even gramed, with no trvace of any divected strneture, the
strueture being coarse hiornfelsiec.  Under the microseope the rock is scen to
consist of u deeussate agereonte of hiotite and hornblende associated with
grannlar aggregates of epidote.  lrreenlar egrains of magnetite ave seattered
uniformly throughout the roek, and apatite, W stont euhedra to 0.5 mmn.
diameter, 1» abundant,

The biotite and hornblende are elosely associated. The hiotite is a
brownish-green, practically uniaxial vaviety with 8 = 1.637 and in all of
the shees examined is eonsuderably i exeess of the blmsh-green amphihole
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which occurs in well shaped prisms with irvegular terminations, towards
which the bhiotite is idioblastic. Ihe wnphibole has pleochroisin, N brownish-
arcen, Y brownish green, Z eveen (slightly bluish) and absorpfion X =
Y = 74 The extinetion Z A ¢ is 18° and the optieal character -tve.  In
several specimens a  bluc-green amphibole with X heght vellow-green, Y
olive green, 7 bluish-green, abzorption X « YV~ 7 and % » e = 17°,
is idioblastic towards the botite. T ocenrs in elongated prisus, often
clusters with the long axes of individoal prisms subparallel.

The epidote ocenrs in patehes with an aggregate strnelure, made up of
a mesh of tiny cubedral prisms, with which 13 associated some brownish-
ereen biofite (in neh smaller flakes than in the biotite-hornblende areas).
The epidote is practicatly colourless and brightly  polarizsing  pistachite,
although some line granulir zoisite appears to be present i the grannlar
aggregates.  These ¢pidotic areas appear to represent a veplacement of
orteiual caleie plaginclase.

In one specimen (19209)% the original shreture of the roek ean bhe
seen by an examination of the slice under very low mugnification—it is that
of a coarse grained rock with plates to 4 . dimneter of  blue-green
amphibole (uow partially replaced by biotite aggregates) and felspar (now
completely veplaced by epidote) and it has nndounbtedly originated from a
coarse crmned basie igneons rock.  This 18 supported by the presence of
skeletal plates of magnetite (fg. 3¢) whieh appear to have been derived from
lmenite plates,

Figure 3.

A. Hybridised granite guciss—showing basie elots consisting largely of greenish
brown hiotite, with magnetite and apatite. The granitic povtion consists
of an allotriomorphic granular agpgregute of microcling (Mier), turbid
plagiselase (P1) and quartz (Q).

B. Busic xenolith—courser vaviety of hornblende-biotite-epidote hornfels show-
ing occurrence of epidotic aggregates (Ep-Zo) in distinel areas
(originally plagioclase erystals).  Shows ulso the deenssafe structured
aggregates of biotite and hornblende (D), with magnetite and apatite
(Ap) culiedra,

C. Buasic xenolith—finer grained varicty of hornblende-biotite-cpidote hornfels,
showing scgregation of epidotic minerals in patches and large skeletal
plate of magnetite (after ilmenite),

* Catalogue number, Geology Dept.,, University of Western Australia.
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Apatite is vemarkably abundant and builds well shaped stout prisms
which are idioblastie towards all the other constituents—it appears to have
been introduced during the process of granitisation to which these hasic
rocks hiave been subjected. Magnetite and pyrite, seattered nnitormly (the
latter very sparsely) throughout the rock are the only other accessories,

An analysis made ot this type yielded the result shown in Table I,
column 1.

TapLE L.
1. 2,

Sio 40-09 66 - 52
ALO, .. 14-01 13-22
Te, 0, ... 605 4-99
© FeO ... 14-42 3.29
MO 4-34 0-58
®O .. . .. 9-89 284
Na,O 0-46 345
K.O 3-78 2-95
HO+ .. 1-97 050
H,O— .. oo e 0-07 Nil
Co, 008 003
TiO, 2.76 0-66
PO, 1-24 0-10
MnO 033 0-15
BaO Nl 053
TeS, 0-77 0-07
FeoSy ... 0-02 Nil
Cr.0, ... Nil Nil
v,0, 0-03 0-01
S0 Nil Nil
10036 99-92

Analyst: C. R, Le Mesuricr.

1. Tlornblende-epidote-biotite hornfels (19483), xenolithic in hybrid gneiss,
Roads Boeard quarry, Armadale,

2. Hybrid gneiss (19482), vock enclosing the xXenolith from which analysis i
was made, Roads Bourd quarry, Armadale.

The composition of the hasie xcuoliths is peculiar, the most stiiking
featnre being the low stliea aud magnesia and the high figures for the iron
oxides and potash. From the texture of the rock it appears to have been
originally a medimmn grained basie igneous rock such as a gabbro although
the FeQ/MgO rvatio is rather high. It must be borne in mind, however, that
this vock has suffered considerable change, the oviginal pyroxene having
sone over to biotite, involving a loss of siliea, magnesia, and lime and an
addition of potash and alumina—the chemical evidenee then supports the
snogestion that these roeks were originally basie igneous types. There has
been a marked concentration and fixing of PO, in these xenoliths. No
rocks have been noted amongst the Cavdup Series whieh could possibly be
related in any way to the xenolithie masses in the hybrid gneisses.

The hybridised gueiss itself is a medinm grained, well banded mesoeratie
rock. The dark bands which produce the gneissic appearauce are composed
largely of material similar to the basie xenoliths deseérihed above.  Iuter-
banded with this material are leueocratic bauds of pale flesh coloured felspar
closely associated with guartz and a pale greenmish slightly epidotised fel-
spar—in places the flesh eoloured felspar 1s presenl as augen.
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Under the microscope the most pronounced feature is the presence of
dark clots, elongated parvallel to the handing, which arve made up of hrownish
grcen biotite, euhedral apatite, sphene, magnetite, and rarve blue-green horn-
blende (fiz. 3A). These clots are undoubtedly derived from the baste
xenoliths which are so abundanfly seattered through this gueiss (plate 2,
fig. 1). The other constituents ave considerably epidotised plagioclase (most
abundant), clear microcline and quartz.  The quartz is all shightly stiained.
Both quartz and mierocline have enclosed the plagioclase.

An analysis of this rock is shown i Table L., colhmnn 2, and this mdi-
cates that there has been a considerable addition of both siliea and soda
to the orviginal basic rock.  As mentioned above some of the quartz of the
hybrid gnersss may be xenolithie although the greater part, as seen from its
relations with the mtroduced micrvoeline, has undoubtedly been introduced
diring the granitisation process.

Read (1926, p. 165) has deseribed the process of hyvbridisation of a
granitic magma by ultrabasie material and his vemarks apply equally well
to the Armadale hybridised rocks.  The basie xenoliths, i their high biotite
eontent, are clearly hybrid types representing basie jgneons material which
has been permeated with potassic solutions from an intrusive grauite,  This
granite, whiel represents the first period of granite infrusion in this arvea,
was 1tself considerably hybridised by the incorporation of this basiec hybrid
and 1s now represenfed by the wesocratic hybridised gneiss deseribed above.

(B) The younger grawnite (Aplogranite).

The aplogranites are lencocratic, medinm to eoarse grained (in places
pegnatitic) rocks composed of guartz and felspar with practieally no ferro-
magnesians,  The texture i1s allotriomorphic granular and the eonstitnents
seen noihin slice are quartz, slightly  perthitic mieroehine and oligoelase-
albite with an oceasional shred of greenish biotite.  Both the microeline and
finely twinned plagioclase are slightly dusted with inelnsions and a notice-
able feature is the frequent occurrence of myrmekitic struetures in the
plagioclase when it ocenrs in contact with microcline.  Mest of the quartz
shows slight strain shadows.

Ts acid granite may have possibly heen (he intrusion which caused
the earlier granitisation effects thalt have been noted above but in its feld
relations appears to helong to a distinetly later period of intrusion.

(C).—The fine banded granitic gueisses (formiug the western edge of the
granitic rocks),

In many respeets these rocks ave simtlar to the various gneisses and
acid roeks of the Roads Board quarry, allhough no dark colonied xenolithie
hodies bave been found in them. Thenr structure varies from place to place,
from finely handed granitie gneisses to almost massive granites i wiieh no
banded structnres arve visible,  The massive strnefured rocks have a granttice
textore and are made up of quariz, Cresh microcline and slichily tarbid
oligoclase and =0 appear to he very similar to the aplogranites of the eastern
half of the area. The finely banded gncisses contain quartz, mierocline,
oligoclase, clotted shreds of strongly pleochvoie greenish-hrown hiotite and
some muscovite, whieh appears to he developing from a turbid serieitised
felspar.  The microcline is perfectly fresh.



38 REX T. PRIDER.

The exact relations of these rocks to the castern gneisses are unknown,
Petrologically they appear to be very stmilar although not so extensively
hybridised and are only considered apart here becanse of thenr somewhat
different strike. So far as could be seen there are no remnants of slate (see
also under “guartz veins”) in these granite-gneisses nor any developuent of
minerals which wonld sugeest the assimilation of argillaceons material by
the intrusive granite. There is no chilled contact, the rocks being coarse
grained vight to the contaet with the Cardup sedimentary series.

(D) —The Curdup Series.
(1) The Sandstones:

Near the contact with the granmitie rocks the sandstones are medinom
grained evits and as the series is traversed in a westerly direction the average
grain size diminishes,  All types are very quarizose varying in colour from
white to pale yellow green, where the rocks have been considerably epidotised.
The white gnartzites are composed almost entively of shightly rounded to
subangular equidimenzional quavtz grains to several mm. diameter in a finer
grained quartzose gronmdmass  containing  oceasional  grains of epidote.
Amongst the coarse grains there are occasional slichtly rounded grains of
clear microcline—these appear to be detrital and not introduced by later
solutions aud probably were devived from the erosion of the mierocline bear-
mg rocks to the east.

Close to the quartzite-grauite gneiss contuct on the Bedfordale road a
peculian light greenizh epidotic (nartzite is otten developed.  This roek 1s
banded, made np of layers of epidotised uartzite (giit) and layers of
darker greenish  fine  grained actinolite-epidote-quartzite  with  narrow’
irregular and lentienlar bands of pale brownish cherty material, In some
instances these cherty patehes ave small flattened ellipsoidal bodies, scattered
throughout the comparatively coarse grit from whieh they are very sharply
defined.  The structure of these chert patehes is fine grained hornfelsie and
the constituents ave mainly slighily turbid isotropic material with fine
granular quartz, grannlar epidote and acienlar (2) actinolite (Z A e = 16°,
pale greenish o colourless, not sensibly pleochrote, = 1.644). The origin
of these peenliar cherty bands and lenticles is obsenre hut they appear to be
original sedimentary structnres which have later been contact altered. The
most prohable origin that suggests itself is that they represent small clay
balls which have been flattened doring the earth movements to which these
rocks have heen snbjeeted,  The presence of (?) actinolite suggests that
these balls may have been to some extent calearcous,

The coarser gritty parts of these greemsh quartzites arve similar to the
white quartzites with the addition of granular epidote which often occurs
as angnlar grains moulded aronud the Jarger detrital quartz grains indieat-
ing that the epidote has been introduced after the formation of the original
gritty sedintent and was probably derived from the quartz dolerite intru-
sions which cut through the sediments in this loeality.

(it) The slutes,

Two distinet tyvpes of slate are developed—their field relations have
been disenssed ahove.

(a) The black slules: these are finely bedded, dark grev to black in
colour, different bands having varying content of graphitic material.  The
dominant constituent is fine fibrous sericite together with extremely fine
grannlur weakly bivefringent (?) quartz and black graphitic material. An
inferesting constituent is pale brownish green towmaline, which oecurs in
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minnte idioblastic prisms to 0.05 mm. in length seattered sparsely, with

random orientation, throughout the voek. It is strongly pleochroie,
w brownish green, e colourless, and the refractive indices ¢ = L.621,
w = L1649, appear to mdicate a member of the dravite-schorl group.

(b) The white slutes: these rocks ave made up almost entirely of fine
fibrous sericite with a mueh smaller amounnt of pale brownish flaky biotite
and minute clear graing of quartz. Minute idioblastic tomrmaline prisms,
similar to those in the black slates are distribnted sparsely throughout the
roeks (all of the slaty vocks examined contained this tonrmaline noue of
which is detrital). Nuarrow davker coloured bands (up to 1 inch wide)
oceur in the white slates in places and these consist predominantly of pale
brownish biotite with sericite in minor amount. The gram in these narrow
bands ig considerably coarser but this is largely an original feature and is
not due in the main to vecrystalhsation as the quavtz grains of suel bands
are markedly larger thaun m the white slate, The minnte tonrmaline prisms
appear to be more ahundant in these bads,

In some places near the western wall of the slate quairy, close to the
albite-epidiorite, the white slate has a slightly knotted strnetnre, the “knots”
usually being small rectangular shaped plates (up to dmm. x dmm. x Tim,)
which eonsist of kaolin with small quavtz grains distvibuted uwmformly
throughout. These porphyroblasts appear from their shape to he andalusites
but careful search has not diselosed any relicts of this mineral, Their true
character mnst therefore remain unknown hut they appear to be the result
of contact metamorphism of the slate by the nearby basie intrusion.

Joint planes in the white slates near the south-west corner of the slate
quarry are coated with pale yellow carthy jarosite.

Other than the oceasional thin dark bands and rare examples of the
knotted slate, this group of white slates appears to be rather uniform in
character. An analysis of a specimen from the west side of the slate quarry
vielded the rvesnlt shown in table IL

Tarte IT.
1 2.

W

. & 4, o
Si0, ... ... 65-22 61 -63 58-38 50-10 5000
ALO. .. 1671 16-33 15-47 25-12 2414
Fe.0, 103 4-10 403 5012 2.79
FeO ... 3-23 2-71 2-46 1:52 4-67
MgO 2-87 2.02 245 3-93 4-16
Cal ... 0-05 0-50 3-12 0-35 0-07
Na,0) 0-76 1-26 131 0-05 1-10
K,0 ... 5-98 5-54 3-25 6-93 8:-63
H,O-- 212 3-24 3-68 6-82* 3:06
H,O- - 0-16 0-31 1-34 0-24
Ti0, 0-35 0-68 0-65 0-50 0-50
00, ... 0-05 0-41 264 . 0-07
1B0) 0-08 0-16 0-17 . 0-11
MnO .. 0-03 0-09 Tr. . 0-04
BaO ... . O-11 0-06 0-05 . 0-15
TeS, . Nil 0-04
Cr,0, e 0-01 0-01
VOuooo o 003 0-04
SO, . .. 01 0-65 0-15
Graphite ...  0-05 Nl 0-81+ 0-07
NaCl... Nl .
{Others) ... ... 0-06
99-85 9948 100- 46 100--+4 100 - 00

S —_— —_— e -

Analyst : C. R. Le¢ Mesarier.
* [guition loss on material dried at 110°C. T Organie material,
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Lo White shite (1922033} west stde of slate gnarry, Armadale.

2. Cambrian slde, Vermont (7.8, Geol. Surv. Ball. 591, p. 250)7.
3. Composite aualysis of 78 shales (1 W Clarke, ““Data of Geochemistry,’”

1.8, Geol, Sure. Bad', 770, 1924 (. 30), 7 -
4. Mite (fine coltoid fraction), Ordovician shale, Gilead, Calhoun Co., 1huois
(R9 G, RO AL Bray and W. ¥ Bradley, ©“ The micas in argillaccous
sedimouts, ™" Awier, Min, Vol. 22, 1937, 1. 823),
o0 Analysis of Armadide stite (of coll 1) with =100 redneed to 509% and the

other oxides recalenlated to sum to 100, for comparison with analysis of
illite (col. 4),

In this table the analysis of the Avmadale slate is compared with that
of a slate from Vermont, USS. AL (col. 2) which it vesemibles very closely,
and with the average of 78 mnalyses ol shale (col. 3). The main features
of the mualysis ave the high siliea, alumina and potash, the two lalter heing
a retleetion ol the high sericite content.  Sueh Features would be common in
slates dervived Trom illite vieh clayey sediments (an analysis of illite is shown
w table 2, col, 4 and s compared with (hat of the Avmadale slate from
which excess silica has been removed  (col. 5), and although the potash
content s lagh, it 35 quile normal aud does not indicate that the roek has
sullerad any “oranitisation.”

(¢) More arenaccons types: 1o {he east ile slates become more
arenaccons awd pass evadnally into the normal sandstones.  On {he western
side of the quarry, hetween the white slate and the albife epidiorite, there:
15 b of” greemish more sandy slate. This band swings towards the cast
ab the south end of the quarry, This rock ix distinetly conrser textured and
comparatively lvee rounded quartz erains e abundant—the only other
constitent ol nofe s o wrcenish brown hiotite  which appears to have
developed during confact metamorphism of this band by fhe hasic infrusive.
Separation of the heavy minerals vielded only a Tew mueh worn and ronnded
ziveons.  A{ the sonih end ol the diaarry this greenish rock encloses several
ronnded bonlders of granitic materal which consist Lirgely of a granophyrie
mtergrowth ol quartz and acid plagioclage.  These “hounlders” appear to be:
somewhat vounded and some doubl exists whether they arve houlders or
trregnlar granophyvie intrusions, as they are {raversed by narmow (Y-mech
wile} veimnlets of gtz which appenr {0 pass thromgh both the houlders
and the enelosing green sandy sediment. 1 ineline to the view {hat they
are boulders and that the associnted veinlets ave similar (o the quantz vemns
developed in the Cardup Series (which ave deseribed undey “luarty veins”
helow),

(111) Contact anetwmorphisn of the Cardup sedinments,

Considering tirst the arenaceous rocks elose to the contaet with ihe
granttic rocks—the main contaet metamorphic effects have been {he infro-
duction ol epidoie and the development in certain narrow hands of acieular
(7) actinolite—the latfer are in radiafing ageregates and appear to resalt
from the thermal metammorphism ol o shightly calearveons roek bt whefher
this alteration is due to intrusion by the graniie or to infrusion by the quartz
dolerite dykes i not clear— the introdnetion of the epidole wis most likely
cifected during the iutmston ol the doleritie rocks.

In the slates Iving farther fo the west there has been some new mineral
development :-

(1) The development of the kaolinie knots which seems {o be closely
related to the ereensione infrusions.
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(2) The presenee of idioblastic tonvmahine in all the skaty voeks of this
avea is interesting—this mineral may have been introduced from granitic
intrusions, from the basie intvastves (Agrell, 1939, po 383, has deseribed the
development. of dravite in adinoles and considers that the boron was intro-
dueed from nearby albite dolerites) or may have developed from the boron
contained in the original unmetamorphosed sediments,  Goldsehnndt  and
Peters (1932) have shown that the boron content of elay sedimends 1s often
sufficient to bring about evystallization ot tomrmaline when these sediments
suffer dyvnamic metamorphism and that it 18 nol necessary to look to later
acid intrusives for the orgin of' the boron. The absence of tomnaline {rom
the rocks innmedhately adjacent to the eranite and its ocenrrence i the slates
some distance away scems to sugeest that it was uot  derived  from that
sonree,  IL 1s possible then that the tonrmaline was introduced [rom the
basie igneons roeks but move probable that i resnlted from the erystallisa-
tion of origmal constitnents of the avgillaccons sediments from which the
states were derived.

(3) The development of biotite and ¢hlorttord.  Biofite hax nundonbiedly
been forued doving the melamorphism of the shaty rocks as it 1 often well
developed on the fracture cleavage sicfaces. s well develop ed in small
pale brownmsh flakes n the slates from the slate gquavey which are close fo
greenstone mitrnsgions bul s absent farther to the north (along the Bunbury
Road) where the slates are some distancee {rom the intrsive dyvkes. This
points to the development of the hiotite being due to contact alteration eon-
seaqnent upon the mtrasion ol {he basie rocks,  Specimens Crom the haulage
tnuel leading out from the sonth-west corner of the slate quarry afford
mformation regarding the contact alteration of the Cardnp sedinents—
the voeks 1 this tuunel consist of slates and sandstones which have been
mtruded by a chlorite-athite epidorite sill and  then  later by a  gnartz-
dolerite dyke, both of which have in sonte measuve allected the sedimoents.
The vocks (together with briet deseviptions) enconntered in this funnel are
(see fig. 4) — .

From cast end to 45 feet im*—normal stutes showing development of
small flakes of pale brownish hiotile.

From 15" (o 49" in—chloriteid slale—this is the normal slate  (gimi-
lar fo that from 0" to 45) with a development of  small
chloritoid porphyroblasts, at first vare and then  becoming  move
abnndant towards the west.  The ehlovitoid porphyroblasts are
well formed bul have been veplaced by penminite with extremiely
wealk bivefringenee (almost isotropie with very weak ultra blne inter-
ference eolours), positive clongafion and marked pleoehroism X
pale vellow green, Y = 7 deep green. At fivst sight these siall
porphyroblasts appear to be ellovitoid bnt the pleochvoism and
crientation are those of penninite.  There is little donbf, however,
that they were oviginally chloritoid.  This is the ouly place where
this mineral has been found in the avea and it s of interest as it
seems to fix the period of intrusion of the ehlorite-albite epidiorite
as more or less contemporancons with the earth movenients affect-
g the Cindup Sevies.  Chlovitoid is generally vegarded as a stress
mineral—in the present instance it s clearvly related i some way
to the epidiorite sil as it decreases in amount away from that body.

* ALl measwrenients e fvom the east vnd of the tunnel and have beon nieasured
along the novth wall
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1t appears most probable that it developed during the earth move-
ments which affected the Cardup Scries while these rocks were
still at elevated temperatures following the intrnsion of the green-
stoue silk
From 49 to 53" in—biotite-quariz hornfels—these rocks are hornfelsed
fine grained, dark green in
seen to be made up of rounded
pale brown hiotite with some

argillaceous sandstones.  They ave
colonr and under the mieroscope are
quartz grains with interstitial flaky
pale green chlorite and serieite.

Trom 53" to 90 in—chiorite-albite epidiorite sill {deseribed 1n a later
section) with a narrow mtrusion of a nueroporphyritie epidiorite
hetween 577 and 58,

From 90”7 to 897 m—contact alteved sandy slate similar to that be-
tween 497 aud 537 except that 1t much  finer  grained and
apparently less alteved, the biotite being in much sinaller flakes,

13

From 99 to 109" in—aquartz-biotite-actinolite hornfels similar to the
actinolite bearine hornfelses developed n the arenaceous sediments
nearer the granite contact (desceribed i the section dealing with
the Cardup sandstones).

From 109" to 311 in—uralitised quurtz-dolerite. At 3117 there arve
several small trregular hodies (7 veins) of coavse grained quartz
(which under the microscope shows cousiderahble eataclasis).

From 3117 to the west end—greenstone, probably the chlorite-albite
epidiorite but e rocks here bevome too weathered tor exact deter-
mination,

Ssune A

< See flgure B - . Quarty veins weathered albite
Sy 1 uarty A;_) epidionite (3).
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Figure 4.

A, Geological sketch plan of the tunnel leading out from the south-west corner

of the slate quarry, Armadale.

B. Eunlargement of geological plan of east end of the tunnel from the glate

quarry, showing the relations of the Cardup sediments, the chlorite-albite
cpidiorite silt and the later quartz dolevite dyke (note the nurrow
intrusion of mieroporphyritic epidiorite into the chlorite-albite epidiorite:
sill).
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The section exposed i this (annel indicates that the Cardup sediments
have been contact metamorphosed over limited distances by hoth the c¢hlorite-
albite epidiorite and the later quartz-dolerites. Tt alsg indicates that the
development of the epidote-actinolite-quartzite noted near the eranite contact
18 a contact effeet due to the quartz-dolerites and not to the granitic rocks.

(E). The busic intrusives of post-Cardup age.
The following types have heen recognised:—

(1) Chlovite-albite epidiorites.

This type has been noted in one place only, viz., in a sl like intrusion
mto the slates in the west wall of the slate quarry. This body is itself in-
truded by a narrow “sill”™ (12 inches wide) of a microporphyritie epidiorite,
which is deseribed below,

The chlorite-albite epidiorite is of interest heeaunse it can nudoubtedly
he eorvelated with the porphyritic albite epidiovite (veferred to as albite
porphyrite by Esson, 1927, p. () which occurs at various localities (Wnu-
goug, Cavdup, Whithy Falls and Mundijong) extending some 15 miles to
the south along the Darling Scarp. The rock at Arinadale is not porphyritie
but 1its texture and mineralogical composition (hoth of which differ con-
siderably from the normal quartz-dolevites) are similar to those of the roeks
from the areas to the south.

The Armadale roek is wedium. even grained and almost indistingnish-
able in hand specinen from the walitised quartz-dolerites. 1t consistz of
a plexus of clear alhite prisms (figure 5B) with interstitial ageregates of
chilorite, uralite and biolite together with some turbid epidatic material and
a little lencoxene. The ellorite forms a fine grained mesh enclosing patches
of green wralitic amphibole and oeeasional flakes of pale greemsh-hrown
biotite. It is a pale greenish prochlorite, very slightly pleochroic and almost
sotropic (with very weak anomalons eolours)—the optic  character is
neutral and the refractive index £ —— 1.633 == .002. This mineral agrees
with the ¢hlorvites of the low grade epidiorites deseribed by Wiseman (1931,
p. 360.)  The albite 8 fresh (althongh slightly dnsted with inclusions and
penetrated by acienlar amphibole) and thus differs considevably from the
epidotised plagioclase of the other hasie igneous rocks of the areu.

The analysis of this rock is recorded helow :—

Tasre I1T.

Si0, L 47-08 Norm.
ALO,... ...  14-78
Fe,0, ll=3% Or 6-12
FeO ... 1380 Ahb 26 - 20
MgO ... 745 An 18-35
Ca0 ... 4-24
Na,0 ... 3-10 C 1-84
K.0O .., 1-03
H,0 4+ 3-89 hy 26- 49
H,O0— 0-22 ol 947
TiO, ... 2-49
P.O; ... 0-41 mg 1-86
MnO ... 0-31 il 4-71
BaO ... Nl ap 1-01
Cr,0, ... Nil Py 0-14
FeS, .. 0-14
10026
Analyst : R. T. Prider.

Chlorite-ulbite epidiorite (20532), 78 feet from east end of tunnel, Slate
quarry, Armadale.
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The most outstanding . features of this analysis are the low CaO and the
constderable Na, O content which indicate that the felspar prior to meta-
morphizin was moderately rieh in the albite molecule and that the rock was
approaching a spilitic type. [t certainly differs considerably from the later
quartz-dolerites which contain a much higher proportion of hme (see Table
IV.). An unnsual feature is the excess of aluming and the appeavance of
corundum 1 the norm—ithis excess of alumina s no donbt contained in the
chlorite and its presence may bhe due to shight contamination of the epidiorite
by the aluminous slates which 1s has mtruded.

Pigure 5.

The basie¢ inlrusives.

A Uralitised gquartz dolerite, showing subophitic relation of uralite and turbid
plagioclase  (dotted), plates of leucoxene after ilmenite and angular
arcas of end phase quartz with rods of apatite.

B, Albite epidiorite, showing clear laths of albite in a ground of biotite, uralitic
amphibele and turbid epidotie material,

The field relations of this roek ave shown in figure 4. Consideration
was given, on a previous page, to the coutact metamorphism effeeied by
this sill on the Cavdup sediments, and, in the development of chloritoid, it
was considered that the post Cardup earth movenents took place shortly
after the intrusion of the chlorite-albite epidiorite.  This roek then is a1 low
grade epidiorite showing a wrade ol metamorphism comparable with that
of the assoeiated sediments.  The guavtz-dolevite group (to be deseribed
presently) appears to belone to o later poriod ol intrusion, as a micro-
porphyritic epidiorite (deseribed nnder (111) below) which is considered to be
genetically retated to the quartz-dolerites is intrusive into the chlorite-albite
epidiorite.

(1) Uralitised quurtz-dolerites.

Rocks of this group form the bulk of the post Cardup intrusions and
all are very uniform in character. Variations in granularvity dependent on
the position in the dyke are noticcable but the mineralogical composition
remains coustant with the exception that the end phase quartz and micro-
pegmatite are somewhat more abundant in the central parts of the dvkes
thau on the edges.
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The characteristic ophitic to sub-ophitic textmre of the ¢uartz-dolerites
is always developed, although somewhat obscured by uralitisation and epi-
dotisation (figure 5A). A typical specimen from the large dyke striking
south-east from the Roads Board quarry is a greenish, medivin even grained
rock, which consists of pale green uralite, epidote, zoisite, leucoxene, quartz
and minor aecessories including a little brown hornblende, biotite and apatite.
A relict ophitie velation is visible between the uralitic amphibole plates and
the zoisitic aggregates replacing plagioelase prisis, the only other notice-
able textural feature being the angular patehes of quartz and micropegmatite
(in which the felspar iz vepresented by turbid zoisitie aggregates).

The uralite is the most abundant constituent, oceurrimg in plates up to
1 mm. diameter. It is a pale greenish fibrous variety with weak pleo-
chroism, X very pale greenish (almoszt eolourless), Y pale green, 7 pale
green, absorption X < Y == 7, extinction Z A ¢ = 16° and (—) 2V laree.
It 1s often dusted with maguetite inclusions. No veliet pyroxene 15 visible,
nor has any been noted in any of the basie intrusive rocks of this area. In
the vieinity of the quartz and micropegmatite areas the uralite shows a
further change to pale green, weakly pleochrole, optically posttive chlorte
and more rarvely to browmsh hornblende.

The plagioclase is represented hy  granular aggregates of zoisite,
epidote aud fine granular plagioelase. Ilinenite has been replaced entirely
by fine granular leucoxene which ocenrs in areas up to 1% mm. diameter
in which the skeletal strueture of the original ilmenite is preserved. Ocea-
sionally the lencoxene is recrystallised to sphene, which occurs in rounded
grains with central iron ore inelusions,

The quartz and micropegmatite arveas in this rock, up to %% mm. dia-
meter, are similar to those of the normal quartz-dolerites exeept that the
felspar is replaced by fine granular zoisite. These (uartz and micropegma-
tite areas ave penctrated by slender prisms of apatite. In specimens from
the centre of this same dyke the micropegmatite areas vary in size to 1%
wm. diameter and the presence of hrownish hornblende in its vieinity is
more notieeable.

TaeLe IV,
1. 2. e 4,

Si0, .. 48-83 49-13 49.22 50-52
ALO, ... ... 13-46 1 i 12-62 13-76
Fe, 0, ... 2.88 3-865 3-16 3-87
FeO 10-29 8-95 11-09 8-50
MO 8-03 764 G-42 542
CaO . 11-95 11-84 10-59 9-09
Na, 0 .. 1-32 1-72 i-586 2-42
K0 .. 0-50 0-16 0:30 0-96
H,0 - . 1:39 1-72 2.24 1-51
H.0 — ... 0-08 (- 04 0-12 0-76
CO, Nl 038
TiO, 1-24 1-27 2-00 2.39
PO, 0-07 014 0-09 0-26
MnO 0-18 0-15 0-33 0-16
BaO Nil Nl 0-03
FeS, ... Tr. 0-45 0-22 ' 0-06 (S)
Cr,0, ... 0-08 Tr. Tr.
V.0, .. Tr. 0-05

100- 30 NURGT 100-26 10034

Analyst : R. T. Prider. R. T. Prider — —
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TABLE [V —continued.

Norms.

(A 1-86 3-48 4-14
Or 2.78 1-11 1-78
Ab 1-00 14-15 15-74
An 29-19 27-52 25-18
di ... 23-86 24-88 22-15
hy ... 23-07 18-60 20412
mt 4-18 5-34 458
cm 0-22

il 2-28 243 380
ap 0-34 (0-34 0-34
Py . 0 0-45 0:22

Uralitised quariz-dolerite (20464), near Roads Board quarry, Armadale.
Uralitised quariz dolervite, Toodyay, Western Australia.  (Prider, 1938, p. 95.)
Epidiorite (uralitised quartz dolerite), Bickley, Western Australia. (Clarke

and Williams, 1926, p. 173).

4. Quartz dolerite (average of 6 amalyses), Whin Bill, Northern England.
(Holmes and Harwood, 1928, p. 530.)

These rocks are therefore hest deseribed as completely uralitised quartz-
dolerites. An analysis of the typical speeimen deseribed above is given n
Table 1V. where it is compared with other uralitised quartz-dolerites from
Western Australia and with the average composition of the Whin Sill.

It will be seen that the analyses of the three Western Anstralian quartz
dolerites are very similar, So far as is known, these roeks all helong to
the same period and are all intrusive into the granitie roeks of the Darling
Range.  1n comparison with the normal quartz dolerites (as exemphfied
by the Whin Sill rocks), they are somewhat rvicher in irvon, lime and mag-
nesia and corvespondingly slightly poorer in siliea and soda.

e 1o

(ill) Microporphyritic epidiorite.

The occurvence of this roek as a narrow intrusion into the chlorite-
albite epidiorite las been noted ahove. The rock is greenish and extremely
fine grained and has a microporphyritie texture with equidimensional pheno-
erysts of wralite (7 after pyroxene) up to Yo mm. diameter (often aggre-
gated to form glomerophenoerysts), and tiny plagioclase laths to 14 mm.
long, in a fine grained gronnd of plagioclase, epidote, zoisite, uralite and
pale brownish biotite.  The iibrous nralite of the phenocrysts 1s very pale
in colour with similar pleochroism to that in the quartz dolerites, and it
shows patehy alteration to biotite. No original pyroxene is visible.  This
type appears to be elosely related Lo the quartz dolervites, of which it 1s a
fine grained porphyritic representative.

(iv) Biotite epidiorites.

This tvpe of roek has been noted in two places only-——as a narrow dyke
(four feet wide) intrusive into the hybridised gneiss in the Roads Board
guarry and as a narrow dyke (10 inehes wide) intrusive into the slates in the
Slate quarry, The oceurvence in the Roads Board quarry appears to be
an offshoot Ivom the larger uralitised quartz dolerite to the sounth-east
(deseribed above) but this is by no means certain. 1t is definitely intrusive
mmto the hyvbrid gneiss, for it truncates the banding sharply and eannot be
one of the hasie xenoliths {(whieh it rexembles mineralogienlly).

It is a (ine even gramed greenish vock showing little, if any, sign of
gehistose structure.  Under the microscope 1t 18 seen to consist of a fine
allotriomorphic granular aggregate of brownish-green biotite, plagioclase,
eprdote (and zoisite) and pale green amphibole with aeeessorv leucoxene
(after small ifmenite graing) and ¢uartz in small angular gl'ains..
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The biotite is a brownish green variety with pleochroism X pale yellow-

green, Y == Z deep brownish-green, and ahsorption X 7 Y == Z.  The
axial angle is very small (almost uniaxial) and B = 1.628 &+ .002. In

parts of the rock it occurs in clotted aggregates with a decussate struetnure,
appearing to he either xenolithic o1 replacing fervomagnesian phenocrysts.

The amphibole is a pale greenigh, shghtly pleochroie uralite with
Z AN e = 16°. The plagioclase has mostly been replaced by granular
epidote and zoisite, but vare small taths of untwinned albitic plagioclase
Temain.

This rock, in its high biotite content, differs considerably from the
uralitised quariz dolerites of the area. An examinafion of speeimens col-
lected from across the dyvke showed that the edges are very vieh in biotite,
which is present to the exclusion of the amphibole, the rock consisting of
biotite, epidote (and zoisite) and minor amounts of leucoxene, albite and
quartz. The biotite lieve is in flakes to (.25 mm. diameter, which is large
compared with flakes in the central parts of the dyke, and is often aggre-
gated into clots. At three inches in from the edge the strueture 15 the same
with clotted biotites in a ground of biotite, epidote, zoisite and amphibole
with accessory lencoxene and gnartz.  In the centre of the dyke the grain
is slightlv coarser and the main ferromagnesian is the pale bhlnish-green
amphibole which is n exeess of the hrown-green biotite.  Angular grains
of quartz are also more abundant. The mineralogical variation throughout
the dyke may be shown by the following estimates of the mineralogieal com-
position of the different 1rocks examined (figures quoted are volume-
pereentages) - —

Edge of dyke.  3in. in from edge. Centre,

Biotite 65 50 23
Amniphibole ... Nil 15 40
Epidote + zoisite ... 30 S0 30
Teucoxene ... 1 i 1
Albite + quartz ... 4 4 7

An analysis of the specimen from 3 iuches from the edge of the dyke
vielded the result shown in Table V. Tt will be seen from this table that
chemically tltis rock appears to be move closely related to the chlorite-albite
epidiorite than to the guartz dolerite, the only difference hetween analyses
1 and 2 being in the alkalies, the hiotite epidiorite being exceptionally rich
in potash while in the c¢hlorite-albite epidiorite soda s constderably in excess
of the potash—it way be noted here however that eertain speeimens of the
clilorite-albite epidiorite that were examined showed considerably more bhiotite
than the specimen analysed.

Wigeman (1934, p. 401) has noted the production of hiotite in the
peripheral parts of an epidiovite sill at Loels Fyne, Scotland, and he con-
siders that both chlorite and biotite have been produced during the shearing
of the epidiorite mass during which process some potash has been intro-
duced by freely civeulating solutions thus leading to the formation of hiotite.
In the Armadale rock there is but little evidence of shearving but the biotite
rich peripheral parts ot the dyke are similar to the occurrence deseribed
hy Wiseman. This dyke is intrusive throngh a considerable mass of the
biotitic hornfels in the sonth-eastern corner of the quarry and may have
picked up some potash from this source. IHowever the complele absence
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TasLE V.

L. 2 e
S0, L 4888 47-08 48-83
ALO, .. . 16-18 1478 13-46
Le, 0, ... 3-06 o342 2. 88
kFeO L. 1100 13-80 10-29
MeO L. 687 7-45 803
('a0) 4-79 424 11-95
Na,O - 96 3-10 132
K.O0 .. 5032 1-03 0-50
H,0+ ... 1-24 3-89 1-39
H,0-— 033 0-22 0-08
10, 1-49 249 1-24
1”05 014 0-41 0-07
AMlnO 016 0-31 0-18
. BaO L 0-14 Nl Nl
Cr,0, ... 0-03 Nl 0 O3
FeS, ... n.d. 0-14 n.d.
100-59 100-26 100-30
Analyst : R. T. Prider. R.T. Prider. R. T I'rider.

1. Biotite epidiorite (20188), three inches in from edge of dyke, Roads Board
quarry, Armadale, ,

2. Chlorite-albite epidiorite, Armadale. (Quoted from Table III.)

3. Uraditised quartz-dolerite, Armadale.  (Quoted from Table IV.)

of amphibole from the edges of this dyke seems to indicate that it has been
entively veplaced by biotite aud it seems most probable that end phase
potassie solutions have heen active in these narrow dykes.  There is no
defimte evidence to say to which of the other fypes of basic intimsive this
type is related hut the chemieal dafa indicate that it is most probably velated
to the chlorite-albite epidiorite.

The roele from the narrow dyke in the slate quarry is very similay to
that occurving on the edges of the dyke deseribed above with the exception
that 1t 15 somewhat sehistose and very rieh in biotite,

(F)—The quartz veins,

In the granitic gneisses there are two sets of quartz veins as desceribed
m tlie fivst section of this paper. So far as can be seen by mieroscopieal
examination these veins arve similar—they appear to be replacement bodies
in shear zones in the granmtie rocks, stmilar to those noted in the Darhugton
Area (Cloke and Williams, 1926, p. 174). Speehnens Crom the north-west
striking veins 300 yards south-west from the Narrogin Iun, show that in
places il is o quartz serieite roek whieh in places has small ironstained enbie
avities {rom which pyrite has weathered.  One specimen from here con-
tained o cousiderable amount of a fine acicular mineral which is developed
in numerons small radiating elusters. These small needles ave colourless,
have strateht extinetion and negative clongation and appear to he dravite
similar Lo that deseribed by Simpson (1931, p. 141} from varions (uartz
veins 1n the granitic rocks of the Darling Lange.

The large quartz onterop near the sonth end of the area mayv be taken
as representative of the north striking veins. At the surface it appemrs to
be a coarse grained white quartz in some places containing darker eoloured
strings of slaty material which under the nieroscope is seen to consist largely
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of sericitic miea, This dark coloured material, xenolithi¢ in the vein quartz,
was aunalysed and the amalysis is shown in table VL, and it will be seen

TasrLe VI.
1. 2. 3. 1.
8i0, ... ... 47-54 4337 65-22 65-22
ALO, . 29-01 33-19 19-22 16-71
Fe,0, .. 359 1-95 2.38 1-93
FeO ... ... 1:33 1-00 0-88 3.23
MgO wo 153 1-36 1-01 2-87
CaO ... ... Nil il Nil 005
Na,0 e 0-09 1-03 0-06 076
KO... ... 10:25 10-17f 6-79 jcl);:
H,0 e 4-42 Loss on  2:93 2-12
H;Oi oo 0-06 } 7'74ligniti0n. 0-04 0-16
O, ... ... 0-03 0-02 0-05
TiO, .. 0-85 0-33 056 0-35
P,0, .. N . Nil 0-08
MnO e 0012 0-07 0-03
BaO oo 1001 0-67 0-11
Cr,0, . 0-02 0-02 0-01
V.0, e 0-13 0-08 0-03
8O, e 007 0-05 0-11 |
0-05 (Graphite)
10005 100- 14 10000 99 - 85
Analyst: H. P. Rowledge. C. R. Le¢ Mesurier.

1. Sericite sehist (19481), (dark patches xenolithic in quartz vein, from which
all vein quartz has been removed), near Bedfordale Road, Armadale,
Anal. H, P. Rowledge,

Muscovite, Bamle, Norway, (dmer. Jour. Se., vol. 24 1. 259, 1939),

3. Analysis 1 with SiO_ made up to 65.22% and the remaining oxides reealculated

to sum to 100.
4. White shale, Armadale, Western Australia (quoted from Table 11.).

TS

that it is very simitar to the analysis of museovite. A noticeable feature of
the analysis is the high baryta content, and the presence of very little SO,
indicates that it is not in the form of barite hut must be in the miea. No
barite was visible in the thin sections examined. Floaters of this sericitie
niatertal ean be traced for some distauce in a northerly divection and this
appears to he a shear zone 1 the granitic rocks along which replacement
gquartz veins have been formed. The other possihility is that {lus band of
gericitic material is an infolded portion of the Cardnp slates wlong which
quartz has been introduced. Comparing the analysis of the sericitic material
with that of the white slate (table VI, col. 4) the main difference is seen
in the amount of Si0,. If silea is added to the sevieite schist to bring it to
65.229, and the remaining oxides recaleulated to sum to 100 {eocl. 3) there
is seen to be a close agreement, the mamm differences heing in the higher FeO
and MgO i the slate (due to chlorite), the different proportionsg of the
alkalies and the higher BaQ content of the sevicite sehist (this seems to be
a siguificant feature as the BaO in the sericite sehist must he in the mieca—
i this connection it is interesting to note the comparatively high BaO
content of the hybridised gueizs in table 1.). Tt wust be noted that the
produets of gericitisation of alkali felspar are similar to those aceumulating in
certaimn fine grained argillaceons sediments (especially illitic clays) so that
a comparison of these analyses, which are both of highlv seriettic rocks,
does not convey any real information regarding the orviein of the sericite
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schist.  The presence of similar quartz-sericite vocks assoerated with the
north-west system of quartz veins, which in view ot thehr disposition in the
ticld, cannot be vegarded as infolded portions of the Cardup slates, would
appear to indicate that both groups ot veing arve of =inilav origin, i.c.,
replacements along shear zones.  This is supported by the wbsence in the:
vicinity ol the quartz blow at the south end of the avea of ather remmants of
the Cardap servies, for if the slates were infolded then a considerable portion
ot the more arenaccous sediments nnderlying them must also have been
intolded—uo trace of these remaing and the evidence j#  overwhelmingly
against the possibility that this band represents an infolded portion of the
Cardup slates,

A similar quartz vein in the granitie gneiss near the contaet with tho
sediments ot the Cardup Series has been noted near Kelmscott.,  This oceur-
rence 1s exposcd moa small road cutiing on a road leading east from the
townsite,  The exact position of the sediment-gramte contact cannot be
located as exposures are very weathered and poor. The slaty Cardup rocks
are exposed mroseveral small pits and, as at Armadale, dip steeply to the
west.  The granife contact lies approximately 200 feet east of these pits
and about 200 feet cast of the contact there is a quartz vein which stiikes
2007 and dips steeply to the east. It is bordered by sheaved material which
at tirst sight appears to be slate but when closely examined i seen to have
a “lensy” structure and not the well bedded characler of the slate.  Although
the material wis too weathered for mieroscopie exammation it appears to
he a sheared gramtic rock rather than the Cavdup slate and the ocenrrence
is remarkably similar to that at Aymadale. The sheav zone in the Kelmscott
occurrence 1s approximately 16 yards wide.

Returning to a consideration of the lavge quartz blow—in places it
las a bauded appeavance where the quartz has heen injected along the
schistosity plates of the sericite sehist (plate 2, fig 2A). Below the smeface,
the vein is vepresented hy a quartz muscovite rock not unlike a fine grained
greisen, the muscovite here having been reerystallised.  The massive quartz
of the vein hag all been strained (plate 2, fig. 2B) and is, in this respeet,
stmilar to that of the north-west group,  Tlus straining may have been
effected during the movements whicle tilted the Cardup Series.

Al the evidenee available, hoth chemical and petrological, suggests
that the north-west and north groups of quartz veins in the gneissie rocks
are shnilar in character and weve formed during the same period along
shear zones which arve developed 1in a regular pattern and that these veins
were subjected to post-erystallisaiion stress,

Turing now to a cousideration of the quartz veins in the Cardup
slates—no actual veln i situ was seen in this area, althongh the presence
of lieaps of quartz fragments in the slate quarry indicates its presence.
Campbell (1810, p. 29) deseribes these quartz masses as “bunches of quartz
veins up to 18 inehes diameter.” They are probably simitar to a larger oceur-
renee of venn quartz in the slates at Cavdup, some miles to the south (Clarke,
1930, map on p. 166}. The quartz {rom the Armadale slate quarry is fine,
even grained, white, and nnder the microseope is seen to be an equigranular
aggregate of allotriomorphie grains (Plate 2, fig. 2C) which have not suf-
fered any post-erystallisation stress.  This vein material therefore appears to
have been formed at a later period than the quartz veins in the granitie
rocks (which all show stress effects). The veins in the slates appear to be
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closely related to a thin seam ol siliceons conevetions whieh ave developed
along the east wall of the lower beneh in the quarry (fig. 2)—these conere-
tions oecur as Uattened ellipsoidal bulges averaging 9 inches diameter,
projecting from the bedding surface.  They have a concentrie structure,
are cut by numerous intersecting joints and ave composed almost entively
of fine @rained quartz.  The texture is allotriomorphie granular, similar to
that of the (uartz veins hut muoeh finer in grain (average grain size ol
coneretions  0.03  mm. dinmeter  white  that  of  the veins  averages
0.15  wmn). Although  exposures  heve do  not  permit  a  definite
pronouncement that the coneretions and quartz veins are genetieally related
it appears probable that the vein material represents a more complete segre-
gation and coarser erystallisation of the silica than the conerctions and that
both have been formed by the same process. 1t is hoped that further heht
will be thrown upoen the origin of these veins by work now in progress by
Mr. B. Thomson in the Cavdup avea. Oue point however i elear—that the
quartz veins in the slates arve later than those in the gramtie rocks and have
not been strained dnving the movements which affected the Cardup Series,

Other veins:—In the east wall of the slate gquavey some very thim vein-
lets of barite were noted in the highly weathered rock which appears to
be one of the basie intrnsives.  This oceurrence 1s inferesting sinee it throws
some light on the origin of the barite-thhor veins in the Cardup Series at
Cardup (Clarke, 1930, map on page 166)—it indicates that the barite veins
are latev than the basie intrusives and were therefore probably derived from
the greenstone magma rather than the grantte magma. 1t s interesting to
note here that Sweet (1830, p. 238) cousiders that the bavite and  fluor
bearing veins of the north of Englimd are genetically velated 1o the quartz
dolerifes ot the Whimn Silk

On the south side of the Bedfordale Road (outside the area deseribed
in  this paper) quartz veins containing  small amounts of gulena and
sphalerite have been found.  Thege occurvences have not been closely ex-
anmiiued but they appear (o he similar to the silver-lead deposits ot Mundijong
(Esson, 1927) which arve closely associated with a porphynrtie albite epi-
diorite (albite porphyrite of KEsson) which is similar to the albite epidiovite
from Armadale. The sugeestion is pnt forward here that these sibver-lead
veins and barite-(lnor veins are genetically related to the hasic magma rather
than to the granitie magma.

TV. CONCLUSIONRS.
(a) The age of the Cardup Series.

The evidenee presented by the quartz veins (both i their tield relations
and petrology) indicates that the eranitic rocks are older than the Cardup
sediments.  This couclusion is supported by a nuniber of other facts:—(1)
that the Cardup Series 18 a normal erosion segnenee and s constant in
character along the strike; (i1) that nowhere have the “granitising” solu-
trons been seen to traverse the basal beds of the series nor have any
apophyses (sneh as pegmatites ov gquavtz veins) heen seen to pass into the
sediments; (i) that there are no remnants (xenoliths) of the sedimentary
series in the gneisses, the only remnants being of older hasie igneous rocks:
(iv) that no variation in character of the eneiss across the strike, such as
would be expected if a series of varyving lithology were granitised, has heen
noted, and (v) the slicht contact metamorphie effects noted in the Cardup
Series are dne to the basie intrusions,  Indeed, the only evidenee that has
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been found which in any way favours a pre-gramte age for the Cardup
Sevies, lies in the presence i the slates of small amounts of idioblastie
tonrmaline, which as deseribed above, may equally well be explained as due
to crystalhisation of components of the origmal sediment dwring the earth
movements which tilted the Cardup Series,

The position of the Cardup Series m the Pre-Cambrian succession of
Western Australia (as deduced from all the evidenee available in this area)
s therefore later than the final granite mtrusions and earhier than the basie
igneons mbrmsions of the Nnllagine peviod (late Pre-Cambrian). 1 have
recently had oecasion to examine a collection of rocks from the Siirling
Range Series and from the evidence at present available these rocks appear
to belong to the same period as the Cardup Series—the field relations of
the Stirling Rauge Series have heen investigated by Professor E, de C.
Clarke and further detatls regarding these rocks will be given in a fnture
paper.

(hYy The Darling “Fault” Scarp,
The area deseribed above includes one of the numerous flat spurs which
extend out frowm the present line of the searp. Tf the Darling Searp is a
fault searp then the tault shonld be situated somewhere in the vieinity of
the tip ot these projecting spurs.  Movements of the magnitude recuired
to produce a downthrow to the west of several thousands of feet (as re-
quired to explain the structure of the coastal plaim) should surely be
reflected in the comparatively weak slates forming these spnrs,  Obser-
vation of all the minor structures in the slates of the Armadale area indi-
cafes in every instance, that the western side has been pushed up aud over
the vocks Iying to the cast and appears to negative the possibility of any
large fanlts with a downthrow to the west in the vieinity. 7The structures
are consistent with an extensive downwarp to the west involving a tilting
of the Cardup Series to the west and minor npthrustine along the eastern
margin of the downwarp. Lt this be the case (and it will only be proved
or disproved by close invesiigation of {he strnetures in the Cardup Series
all along the face of the gcarp) then the Darling Scarp, which is one of the
nost pronownced physiographie features of south-western Australia, must
be an cvosion featire due (o differential erosion of a monoclinal fold rather
thian a fault struetore.
(¢) The Geological Iistory of the Area.

The geological Tnstory of the avea, from the evidence presented in the

foregoing pages, may he smnmarised as follows :—

1. Pertod of granitisation during which pre-existing basic rocks were
permeated by granilic emanations and the hybrid gneisses pro-
duced.

2. Period of granite mtrusion (aplogranite).

3. Earth wmovements, eausing development of shear zones and joing
pattern in fhe granitic gneisses, followed by the formation of the
quartz veins m {he encisses.

4. Deposition of the Cardup sediments.

5. Formation of an extensive downwarp parallel fo the present Darling
Searp and some distance to the west, involving upthrusting along
the castern margm, development of fracture cleavage i the slates
and tilting of the sediments to the west.

G. Intrusion of alhite epidiorite sill info Cardup Series, probably con-
temporancous with (5).

.
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7. Intrusion of the quartz dolerite series of dykes consequent upon
earth movements affecting the Cardup Series.

8. Formation of barite veins as end phase effects of the hasie intrusions
(galena-sphalerite-quartz veins also probably helong to this period).

End of Pre-Cambrian,

9. Downwarping continuing and sediments being constantly deposited
in the depression—the only evidenee regarding this long period of
geological time being the two thousand feet (at least) of Cainozoic
sediments which underlic the coastal plain and cover up all inter-
vening formations. Block faulting may have taken place (as sug-
gested by Jutson, 1935, p. 469) during the uplift of the Western
Australian plateau in late Mioeene times but differential erosion
of hard rocks of the plateau and the soft rocks to the west of the
secap scems capable of explaining the present physiographic
features.

V. ACKNOWLEDGMENTS.

T desire to express my thanks to Mr. H. A. Ellis who suggested that the
possibility of granitisation of the Cardup Series should he nvestigated and
who was instramental in having analyses of a number of the rocks made
in the Government Chemical Lahoratory. My thanks are due also to Mr.
H. Bowley, Government Analyst and Mineralogist, for permission to publish
these analyses. Chemical analyses made by myself in the Department of
Geology were made possible by funds from the Commonwealth Research
Grant and this assistance is gratefully acknowledged. T also desive to thank
the Senior Students of the University Gieology Department (Messrs. Crab-
tree, Davis, Elvish, O’Driscoll, Telford and Thomson) who, under my super-
vision, made the survey of the area as part of their field course. Fally
I wish to thank Professor E. de C. Clarke for assistance during the revision
of the text.

VI. LIST OF REFERENCES.

Agrell, 8. 0., 1939: ““The Adinoles of Dinas Head, Cornwall,”” Min. Mag., XXV,
pp. 305-337, 1939,

Campbell, W. D., 1910: ““Report on an execursion to Armadale,’’ Jour. Nat. Hist.
and Sc. Soc. of West. Austr., Vidl. IIL., No. 1, pp. 28-29.

Clarke, E, de C.—

1926: ““The Geology and Physiography of the Neighbourhood of Perth,
' Western Australia,?’ A.A.AS¢. Haudbook for Perth Meeting,
1926, pp. 23-30.
1930z ““The Pre-Cambrian Suecession in some parts of Western Australia,?’
Rept, ALN.Z.AA.Se. for 1930, pp. 1556-182,
and Williams, F. A, 1926: ‘“The Geology and Physiography of parts of the
Darling Range near Perth,”? Jour. Roy. Soc. W.A., XII., pp. 161-178,

Eltis, H. A,, 1939: ““The Geology of the Yilgarn Goldfield, Soutli of the Great
Eastern Railway,’’ Geol. Surv. W.A. Bull 97.

Esson, A. G. D, 1927: ““The silver-lead deposits al Munidijong,’’ Geol. Sury.
W.4. Ann. Rept. for 1926, pp. 4-9,

Forman, ¥ G., 1937: ““A Contribution to our Knowledge of the Pre-Cambrian
Succession in Some Parts of Western Australia,’’ Jour. Roy. Soe. w.Aa.,
XXIIT., pp. xvii-xxvii,

Goldsehmidt, V. M. and Peters. CL, 1932: ““Zur Chemie des Bors IT,”?
Nachrichten von der Gesellschaft der Wissen, Mal. Phys. Klasse, iii., No. 28,
iv,, No. 31, pp. 528-545,



54 R&Ex T. PRIDER.

Holmes, A. and Harwood, H. I., 1928: ‘“The Age and Composition of the Whin
Sill and related dykes of the North of Ewngland,’’ Min. Mag., XXI.,, pp.
493-542,

Honman, (. S, 1912: “‘The Extension of the Kelmscott Clay Deposit,’” Geol.
Surv, IW.A. Bull. No. 48, pp. 63-65.

Jutson, .J. T,
1934: ¢“The Physiography (Geomorpliology) of Western Australia,’’ Geol.

Surv. W.A. Bull 95.
1935: Report of the Anstralian and New Zealand Assoc. Adv. Se., Vol 22
(Melbourne, 1835).

MacGregor, M., and Wilson, G., 1939: “‘On Granitisation and assveciated pro-
cesses,” Geol, Mag., Vol. 76, pp. 193-215.

Miles, K. R., 1938: ¢“The Geology and Physiography of the Lower Chittering
Aren,”” Jour. Koy, Soc. W.4., Vol. XXIV., pp. 13-41.

Prider, R, T.—

1934: “*The Geology and Physiography of the Jimperding Avea,’”’ Jour.
Loy, Soe. 1174, Vol. XX., pp. 1-16.

1938: ““The Petrology of part of the Toodyay District, Western Australia.’”
Unpnblished dissertation for the Ph.D., Cambridge, 1938,

1939: “*The Petrology of part of the Toodyay District, Western Aunstralia,’”
Abst. Diss. Univ. Cambridge for 1937-8, p. 93.

Read, I1. H., Phemister, J., and Ross, G., 1926: ¢‘The Geology of Strath Ovkell
and Lower Loch Shin, '’ Geol. Swere. Scof.  Explanation of sheet 102,

Saint-Smith, E. €, 1912: ““A Geological Reconnaissance of a portion of the
South-West. Division of Western Aunstralin,’’ Geol, Surv, TWest. Aust. Bull. 44,

Stmpson, E. 8., 1931: ‘“Contributions to the Mineralogy of Western Australia,,
Sevies VI.,”" Jowr, Roy. Soc. W.A., Vol, XVII, pp. 137-149.

Sweet, J. M., 1930: ¢ Notes on British Barytes,’’ Min. Mag., Vol. 22, Pp. 257-270.

Wiseman, J. D. 1., 1934: ““The Centrai and South-West Highlands Epidiorites:
2 Study in Progressive Metwmorplism,”’ Quart., Jour. Geol. Soc., Vol. xc.,
pp. 854-417,

EXPLANATION OF PLATE @9,
Figure 1—

Mybrid guneiss from the Roads Board quarry, Armadale, showing xenolithic
character of the gueiss. The xenoliths are of bietite-hormblende-epidote
hornfels (dark coloured) and epidotic material (light eoloured). The
hunded charvacter of some of this gueiss is seen in the top left hand side
of the boulder. Quartz xenoliths are present (the coin is lying on one) but
they are indistinet in the photo. The clinometer gives the scale,

Figure Z.—Photomicrograpls of quartz veins,

A, Sericitic rock from shear zone in gmeiss, with secondary veinlets of quartz
(from large quartz blow wear the Bedfordale Road). Ordinary light x 40.

B. Strained quartz from the sawme locality as (A). The entire field (and
almost all of the slide from whiel this photo was taken) is part of the
same erystal.  The strain pattern is interesting, cousisting of subparallel
lines ulong which actual grannlation has taken place arranged obliguely
to the dirvection of ‘‘slicing’’ or gliding shown by the struin shadows.
Nicols erossed x 40.

C. ““Vein?? quartz from the slate quarry. Occurs as masses in the slates.
Shows unstrained character and cven granular mosaic structure. Nicols
crossed x 40,
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Plate 2.







